Calcium-activated inward current and contraction in rat and guinea-pig ventricular myocytes.
1. Single ventricular cells from rat and guinea-pig hearts were voltage clamped, and contraction was monitored with an optical method. 2. In rat cells, short (2-10 ms) depolarizing pulses to 0 mV from a holding potential of -40 mV evoked current carried by calcium, and on repolarization to -40 mV there was a slow 'tail' current which decayed much more slowly than the expected deactivation of calcium current at this potential. 3. When rat cells were loaded with EGTA diffusing into the cytosol from an intracellular electrode, contraction and the tail current were both abolished, whereas the peak calcium current was not reduced. 4. Exposure of rat cells to ryanodine (1-2 microM) suppressed both contraction and the tail current, but not peak calcium current. 5. The tail current was unaffected by tetrodotoxin (10 microM), but was reduced by lowering extracellular sodium to 10% by replacement with lithium or choline. 6. In rat cells, exposure to nifedipine (1-5 microM) initially caused a marked reduction of calcium current while substantial contraction and tail current remained; longer exposure to nifedipine suppressed both contraction and the tail current. Isoprenaline (50-100 nM) caused a marked increase in peak calcium current, while under these conditions there was little or no increase in either contraction or tail current. 7. The amplitude of the tail current in rat cells varied with the duration of the depolarization at 0 mV; the tail current evoked by repolarization to -40 mV reached a peak just as contraction was beginning to develop and was back to undetectable levels just as relaxation became significant, as might be expected if the tail current were determined by the cytosolic calcium transient which triggered contraction. 8. In guinea-pig cells, a tail current was also recorded on repolarization to a holding potential of -40 mV, and, as in rat cells, the tail was suppressed by cytosolic EGTA and reduced by exposure of the cells to low-sodium solution. 9. It is concluded that the tail currents recorded in both rat and guinea-pig cells represent current activated by a rise in cytosolic calcium; in rat cells this is markedly dependent on ryanodine-sensitive release of calcium from internal stores. The origin of this current, and its possible role during the plateaux of action potentials are discussed.